Introduction
In capital construction, procurement can be considered as the backbone of the entire management structure [1] . In keeping with this figurative terminology, the decision to apply a particular price mechanism (payment profile) is its main vertebra.
Price is one of the key parameters of a contract. It is this parameter that determines what part of the value created by the contract in the form of money is due to the contractor (performer, supplier) and what remains to the client. Construction contracts deal with creating significant (capital) values, and therefore, pricing issues in this area are of particular importance. Acknowledging this challenge, international practice has created a range of pricing models for a construction contract, each of which has its advantages and disadvantages. As to the reverse side of this medal, in the framework of each capital construction project there is a problem of a reasonable choice of a price strategy.
The choice of a pricing structure for a construction contract is still based on acquired empirical experience, without the use of a systematic mathematically formalized procedure. Sometimes the choice is made intuitively and sometimes it is based on considering established traditions or business fashion. The solution to this problem used to be hampered by the lack of a recognized theory that would serve as the basis for creating an appropriate conceptual framework for making the appropriate decision. Fortunately, this hurdle is currently "officially" lifted -the founders of contract theory were awarded the Nobel Prize in 2016 [2] . Thus, now the peak of relevance is the task to develop a formalized apparatus (algorithm) for selecting a price model of a construction contract in the context of contract theory.
Literature review and problem statement
The subject of this study has three key projections that are disclosed in published sources, and one of them is the typology of contract price models with considering their characteristics. Capital construction projects are implemented using the following typical price mechanisms: -lump sum -LS; -guaranteed maximum price (GMP); -cost-reimbursement contract (CRC); -target cost (TC); -payment according to the measured volumes of work (measurement contract -MC) [3] .
Each of these models has a contract price that is convenient and appropriate in the presence of certain conditions for the project. In [3] , for each price profile, their characteristic conditions and circumstances are given, but the formalized mechanism of making the corresponding decision is absent.
None of the price models is specific to any particular method of project implementation [4] . Let us say, if the chosen method of project implementation is design-build (DB), then this does not mean that the price model for the contract should be lump sum (LS). Yes, some of the pricing mechanisms really fit into one of the project implementation strategies a bit better while others are a bit worse. However, this is only a "soft" predisposition, and a well-founded choice should be made on the basis of a systematic analysis of a specific project.
Performance of capital construction projects is often associated with high risks, limited trust between contracting parties, and lack of appropriate incentives. Motivational contractual mechanisms contribute to the success of construction projects [5] .
Having considered the application of the model of guaranteed maximum price (GMP), the authors of study [5] draw attention to the numerical and significant advantages of this strategy. However, other price mechanisms have their strengths, and therefore, some of them may be more expedient, giving certain priorities for a specific project. Thus, we would like to emphasize again that for each project a separate analysis should be conducted and the most appropriate alternative should be chosen.
The above shows that the classification of price mechanisms has already been highlighted in earlier studies. However, a systematic mathematical apparatus for analysing relevant alternatives on a reliable theoretical basis has not been proposed.
Another, most important projection of this study is the theoretical foundations of contractual relationships. Contract theory deals with the fundamental problem of business cooperation of economic entities. The parties to a contract have a temptation to act selfishly -that is, they try to maximize their own profit, even to the detriment of the total, common benefit of the project. If the parties could conclude a contract that would fully describe any further course of events under the project, then "business selfishness" would not be such an acute threat [2] . However, this is impossible, especially in projects of capital construction, due to their high complexity, long-term duration, the possibility of making further changes to the list of assignments, etc. Consequently, contracts are incomplete. Not all actions of the contractor (and the client) can be made transparent, and consequently, "moral hazard" is an objective feature of contractual relations. In order to solve this problem, contracts use various motivation mechanisms (incentives) that encourage the parties to act more effectively. These issues are the focus of contract theory.
In other words, in reality it is usually impossible in advance to prescribe the contractual obligations of the parties clearly, unambiguously, and comprehensively. Contract theory, in particular, examines the effect of contractual motivational mechanisms that are designed to "compensate for the gaps" of incomplete contracts [6] .
Today, the parameter of uncertainty, which naturally can be heated up by a factor of distrust between business entities, is "embedded" with economic theory. The unpredictability greatly complicates the estimating process, especially if we take into account the dependence of the project outcome on the behaviour of individuals [7] . At the same time, rational decisions can be made in the unpredictable world. Choosing the best alternative contract price model for a project is precisely an example of a decision in a situation where to varying degrees there is both unpredictability and distrust. Contract theory can help solve this problem.
Consequently, the literature review shows that contract theory can serve as a methodological basis for creating a reasonable algorithm of choosing a price model for a construction contract.
Another key projection of this topic is the contextual aspects of the subject of research. Determining the pricing strategy is one of the six cumulative facets in the "crystal" of managing the value of capital construction projects [8] . This crystal component acts in synergy primarily with the profiling of contract systems (selecting a project implementation model).
It should also be noted that contextual, technical and behavioural competencies are the three groups of factors that improve project and programme management and contribute to their success [9] . Consequently, the conceptual model for making a decision on a contract price profile that takes into account the interests of the parties, the technical aspects of the project, identified priorities, etc., in practice will contribute to the formation of a conflict-free nature of the relationship between project participants.
One of the most important project stages is the initial phase, which lasts from the moment of understanding the business idea until the decision on financing the project is made. At this stage, it is important not only to form a "correct project", but also to determine "the correct mechanism for its implementation". It should take into account the interests of parties concerned as well as any uncertainty, which is an integral feature of the project environment [10] . Consequently, since the pricing strategy of a construction contract is one of the basic prerequisites for the success of the project and a means of proactive regulation of the relationship between the client and the contractor, it is advisable to choose the price model during such stages as the formation of a concept, feasibility study, and project planning. It should also be emphasized that the decision-making procedure can be carried out several times, and the pre-selected strategy may be revised, updated (even during the preparation of tender documents).
Study [11] confirms that the role of payment mechanisms (price models) in construction contracts is very important. Selecting an appropriate price profile from among the available ones has a positive effect on the results of the project. For comparative analysis of some alternatives by integrated project teams, the study proposes a simulation of the cash flow of the project. However, for a wider range of options for project work, this toolkit is not recommended. One of the key reasons is the presence of a "moral hazard" in the relationship between independent entities. This again suggests that the solution to the problem should be sought in the field of contract theory.
The foregoing indicates that issues of contract price models are widely discussed in published literature, but the proposed approaches to analysing are of a predictive nature and they do not cover the entire field of possible cases and circumstances.
Consequently, on the one hand, there are a number of contract price models, each of which has its own characteristics, advantages, and disadvantages. It is empirically proven that the use of a particular model is appropriate in the presence of relevant conditions and characteristics of the project. On the other hand, contract theory shows how to solve such problems as, in particular, "moral hazard" and incompleteness of available information on a project. An unfulfilled niche of scientific research still consists in the need to create an algorithm of selecting a proper pricing model based on the foundations of contract theory. The research should be focused on the basic principles of the system being created, the general scheme of making an appropriate decision, and a specific formalized algorithm.
The aim and objectives of the study
The aim of the study is to develop an algorithm of selecting a contract price model (payment profile) in the area of the best practices of capital construction and the key factors of contract theory.
To achieve this aim, the research should solve the following objectives:
-to define intra-contract drivers of pricing mechanisms in construction projects;
-to propose the architecture of an algorithm for making the appropriate decision;
-to develop a formalized apparatus for a comparative analysis of alternatives and test it within the framework of an illustrative business case.
Drivers (a coordinate system) of pricing mechanisms
Based on [12] , in the context of contract theory, the following can be noted. In the course of concluding a construction contract between the client and the contractor that have different information, the interaction is "principal -agent". In this plane, the typical pricing situation is as follows. The target function (utility, value) of the principal (client) will be maximized by strategically choosing a price model for the contract. This model, in particular, involves both certain mechanisms of motivation and the corresponding control processes. After this, the target function (utility) of the agent (contractor), knowing the choice of the principal, will also be maximized.
Consequently, the contractor at the tender or in the course of negotiating will offer a competitive price according to which, in compliance with the model that is applied (selected) by the client, money will be received for the performed construction work. In case of excessive overstatement of the price by the bidder, the contract will go to a competitor. Since the time of signing the contract, the relevant controls and motivations are involved. Ultimately, after completing all payments and work, the final price of the construction project will be formed. Thus, the key pricing drivers, if summed up, can be defined as follows: the initial contract price, the mechanisms of motivation, the control processes, and the final price.
On the basis of the above generalized and summarised definition, let us formulate a wider interpretation of each of the contract pricing drivers.
The initial contract price is determined by the minimum bid from the contract applicants. The price level depends on the risk of the project for the contractor. The lower the financial risk for the contractor, the lower the minimum bid (at the same time, by definition, the starting price must be no less than the expected costs borne by the contractor).
The mechanisms of motivation act in opposition to the "moral hazard", creating the levers for directing the actions of the contractor in the best interests of the project. The more effective the contractual mechanisms of motivation, the less the probability of "moral hazard" on the part of the agent is.
The control processes allow monitoring, whether (and to what extent precisely) the contractor's actions comply with the requirements of the contract. Consequently, this driver depends on the degree of completeness of the contract -the higher the completeness of contractual arrangements and the specification details, the more careful can be the control over the agent's actions.
The final price is formed under the influence of all changes to the project during the construction period, finally fixed at the time of paying the last amount under the contract. Exceeding the final price of a certain level (limit) may or may not be a significant negative factor for the client. This question is related to the "cost-benefit" analysis of the project.
The above-mentioned drivers of pricing mechanisms are a coordinate system in which an analysis of the suitability of each alternative contract price model for any specific capital construction project should be performed.
The architecture of an algorithm for finding a solution on the pricing strategy
The starting block of the conceptual model for choosing a price model for a project is the drivers (measurements of the pricing dimension), which are defined above based on the best practices and foundations of contract theory (Fig. 1) . This block, together with the typology of key pricing strategies, the matrix of ratings of their properties and the metric of questions for determining the price priorities of the client (the initiator of the project), forms a stable context of the system. The rest of the business process blocks form a moving, dynamic context of the system, reflecting the specifics of a project under consideration and the priorities of a definite client for a construction site.
At the same time, it is noteworthy that by using blocks 8 and 9 of the algorithm, the analysed project is placed in the appropriate "cell" of the field of alternative pricing strategies. Let us briefly define and characterize such key alternatives.
The contractor's expense recovery and reimbursement profile (model) allows for a low starting price of the contract, provides for a detailed control by the client, weakly encourages the contractor to seek ways to save money, and is characterized by low predictability of the final price level.
The profile of the lump sum payment presupposes a relatively high starting price of the contract, provides for minimal control by the client, encourages the contractor to reduce costs, and has a high predictability of the final price.
The profile of payment according to the measured work (measurement payment) by the action of pricing drivers occupies an intermediate position between the two above-mentioned models of the contract price.
Two additional key strategies use incentive mechanisms for the contractor by setting a price threshold.
The target costing (TC) specification implies that in the event of a final price deviation from a fixed threshold, the difference (or savings or overrun of costs) in a certain proportion is distributed between the parties to the contract. The TC model gives a relatively low starting price of a contract, which is associated with detailed control as well as encourages the contractor to save and not exceed the threshold of the final price.
The profile of the guaranteed maximum price (GMP) differs from TC as the distribution is subject only to cost savings; in case of exceeding the price threshold, all losses are borne by the contractor. Consequently, the GMP model is similar to TC based on the nature of the pricing mechanism; however, the final price driver is more stringent and strong. The architecture of the business process lies at the heart of the formalized mathematical apparatus of comparative analysis of alternatives.
Formalized content (algorithm) of a conceptual model for choosing a pricing strategy
The above mentioned drivers and structure are the basis of the pricing strategy (COMP -Contract Organizational Mechanisms: Pricing). Additionally, we note that "comp" is commonly a short form of the word "computation" (estimation, calculation) or "compensation" (remuneration, reward).
Drivers of pricing mechanisms are measures of both the properties of price models and the client's respective priorities for a particular project. Consequently, the coordinate system "initial price -control -incentives / moral hazardfinal price" entails a plurality of properties of contract pricing models: The numerical values of the ratings of the properties (Table 1) characterize each model as to in which of the drivers one strategy or another works better or worse. The higher the rating for a particular model, the better is the pricing driver for it in the client's interest. Table 1 The matrix of ratings of properties of contract price models for capital construction Guaranteed maximum price (GMP)*
Payment of certain complex amounts (Lump Sum -LS)
Compensation of expenses and payment of remuneration (Cost Reimbursable Contract -CRC)
Note: * -"Threshold" contract price models
Thus, for example, in the model of compensating expenses and paying remuneration, the strong drivers are the initial price and control whereas the weak ones are incentives and the final price. At the same time, the rating of properties for each of the models is 20 (Table 1) . In this way, the conceptual decision-making process does not "discriminate" any of the price strategies while adhering to the principle of "equality of strategies" within the system as a whole. Otherwise, if the total driver ratings for each strategy were not equal to one another, the system would be set up to make biased decisions.
On the other hand, for each project, the client, within the framework of the COMP system, defines priorities for the drivers of the pricing mechanism. Thus, a set of ranks of priorities D r is formed, and each element belongs to its own group:
where { } In a single manner from [13] , priorities are determined by answering a number of questions (Table 2 ). For each pricing driver, the COMP system provides three questions, and therefore 3.
1, k =
For example, as to the driver of the initial price, the first question (k=1) determines whether it is important to have the lowest bidding prices from the tenderers (or in the course of competitive negotiations). Equality of the number of questions in the groups corresponds to the principle of a balanced decision-making system -none of the drivers of pricing mechanisms is a priori or more or less important. Their priority within a particular project is determined by the client by implementing steps 5-7 of the algorithm (Fig. 1) .
The rank of each element in formula (2) is a natural number in the range from 1 to 9. An element with the minimum possible priority for the client on the project is assigned rank 1, and the maximum possible is 9.
At the same time, depending on the answer given by the client to the relevant question (Table 2) , each item acquires a certain rating. Consequently, a set of ratings of the elements of price priorities within the project is formed as follows:
where { } Thus, the client has three options for answering each of the questions -"A", "B" or "C" ( Table 2) . If the answer is "A", the corresponding component receives a rating of 3; in the case of option "B", the rating is 2; in the case of option "C", it is 1. For example, if the client believes that due to certain characteristics of the project, the contract tenderers will be able to prepare for it justified price bids (answer option "A"), then the rating of this factor will be equal to 3.
The product of a rank multiplied by the rating for each individual factor shows its vector of priority. In this way, within a separate project, a set of priority vectors is created for all four pricing drivers: Table 2 The conceptual metric / matrix for determining the client's priorities in choosing a pricing model for a capital construction contract* 
where V is a set of all vectors of price priorities for a project; The contract price model that gains the maximum number of points among all the alternatives analysed is considered to be the most appropriate for using in a particular project.
Results of approbating the algorithm of selecting a contract price model
The conceptual formalized model and corresponding computerized COMP tool were applied, in particular, to the Ukrainian-Canadian construction project of the Ice Arena of Kyiv. Thus, let us take a look at this business case for choosing a pricing strategy for the contract.
The client's answers to the unified questions gave starting positions for the numerical evaluation of the design pricing space (Table 3) :
Consequently, the total vector of the priority for the driver of the initial (starting) price of the contract is 
as to the driver "moral hazard and incentives": 
as to the driver "final contract price": 
By multiplying the total priority vectors calculated by formulae (6)- (9) for the corresponding ratings of the properties of price models (Table 1) , an evaluation was given as to how each of the strategies is relevant in the analysed project (Table 4) .
For example, let us consider the graded assessment of using the target costing (TC) strategy in the project:
The data in Table 4 produce a conclusion that since the LS model has scored the maximum number of points, it is the most appropriate for using in the project from the viewpoint of pricing drivers. Table 3 The ranks and priority criteria of the client for the project (regarding the drivers of pricing mechanisms) Table 2 Table 4 The graded assessment of the price strategies in the context of the project of constructing the Ice Arena 
Discussion of the results of creating an algorithm for selecting a contract price model
The proposed COMP system is completely self-contained (integral) within the framework of reaching its goal, namely, a reasonable choice of the price profile of the contract. At the same time, the COMP system is a harmonious addition to the conceptual model for deciding on the most appropriate strategy for implementing a COMPAS project, which is detailed in [13] . In order to ensure the fundamental correspondence as well as the convenience of joint application in the practice of these two systems, they are based on considerably laid similar principles of multi-criteria analysis. For example, the number of measurements of decision-making constants in both of these systems is four.
While COMPAS relates to the choice of the proper institutional mechanism for implementing a project (Fig. 2) , COMP can choose a contract model to pay for the work to be performed. Fig. 2 . The typology of strategies for implementing a project in the box-matrix of decision-making according to COMPAS (according to [13] ) Note: * The model that is determined in the third stage of analysis: 1 -involvement of a number of contractors; 2 -involvement of the contractor in managing construction and subcontractors for implementing individual complexes of work; 3 -involvement of the contractor for construction management at risk (CMAR); 4 -traditional (design-bid-build, DBB); 5 -design-build (DB), including "turnkey"; 6 -step-by-step development; 7 -integrated project delivery (IPD)
Consequently, one of the five key alternative price models can be applied within each institutional mechanism. Thus, the total number of strategic pairwise alternatives in the joint application of COMPAS and COMP is 26×5=130. Some of these pairs of alternatives are relatively common practice. For example, such a pair is CMAR and GMP.
The possibility and convenience of using COMP in conjunction with COMPAS is the strength of this system. As noted above and in accordance with [7] , the choice of pricing and the project pricing mechanism is one of the three synergistic pairs that make up the crystal of the cumulative project value management.
At the same time, the most significant advantage and vivid fundamental feature of the COMP system is that it is built on the basis of contract theory. Drivers of pricing mechanisms within the system are (1) the initial price, (2) cost control, (3) motivation mechanisms (incentives) / "moral hazard", and (4) the final price. The initial price determines the lower boundary of the principal's costs (agent's income); the final price is the upper limit. Within these limits, the price level is regulated both through control and through incentives (as to the negative side, it is the factor of moral hazard). Each key pricing model of a construction contract used in international practice (CRC, MC, TC, LS, and GMP) is characterized by its peculiarities of the effect produced by these drivers. The choice of the model follows from the definition of the project priorities by the client (principal) in the same coordinate system "initial pricecontrol -moral hazard / incentives -final price".
The basis of contract theory gives COMP certain advantages over alternative conceptual models of selecting the pricing strategy, which are built, in particular, on project cash flow estimations [11] . This is primarily due to the fact that the cash flow projection paradigm, unlike contract theory, is not sufficiently related to the factor of the principal-agent relationship.
The limitation of the results of the study is that the COMP system currently implies analysing the five above-mentioned key price models. At the same time, for example, the CRC system has two types: reimbursable costplus a percentage-fee and reimbursable cost-plus a fixed-fee. In addition, it should be noted that in some countries of the world, the classification of project pricing strategies has its own characteristics, in particular in the USA [14] . Another limitation of the system lies in the fact that it concerns only internal-contact factors and does not cover the supply and demand or at what stage of the economic cycle (growth, peak / boom, recession, trough / depression) there is a choice of the contract price model. However, the key restriction of COMP is that the purpose of the system is not the validity of the estimates and the predictability of the construction cost but the choice of the most appropriate model of pricing under the project. The reasonableness and predictability of project costs is achieved through building information modelling (BIM) [15] , and this tool is another component of the "crystal" of the project value management.
The discussion point of the proposed conceptual model is the number and content (formulation) of unified questions on determining the client's cost priorities for a specific project.
Further research in this particular field of science should focus primarily on the following: -development of a formalized apparatus of the theory of the dynamics of project efficiency, which is one of the -development of a number of creative templates for choosing a contract price model for construction projects of various types of objects.
Conclusion
1. Drivers of pricing mechanisms in capital construction projects strategically predetermine "frames" in which the price of work under the contract may vary, as well as the key impacts on price formation.
The price bid of the project performer is formed taking into account the financial risks, which are subject to the terms of the contract for the contractor. Each contract price profile determines its financial risks to the contractor, and therefore, the price model of the project affects the starting contract price.
Since the start of a project, the costs are controlled by the client, and the more careful the control is, the greater the likelihood that the costs will be lower. At the same time, during the performance of the contact, the contractor is under the influence of some "moral hazard", the actual manifestation of which depends on the contractual incentives to act morally. Each price model of a contract has both its control depth and its power of incentives (as a counteraction to moral hazard), and therefore, these factors actively influence the dynamics of project costs.
Eventually, at the end of the object construction, the price gets its final value. Each pricing model is characterized by its institutional pressure on the final price, and some models even set a certain benchmark for the maximum cost borne by the client for the project.
Based on the above, contract pricing drivers are the initial price, control, incentives (moral hazard), and the final price. This interpretation coincides with the basics of contract theory and is a prerequisite for the fundamental authenticity of the developed system.
2. The basic input components of the decision-making process for the most appropriate pricing strategy is the matrix of the properties of the contract price models and the metric of the questions for assessing the relevant priorities of the project client. Each of these components is constructed in a four-dimensional analytical space "initial price -control -moral hazard / incentives -final price", which reflects the set of pricing drivers in a construction contract. The system allows choosing one of the five key pricing strategies: CRC, MC, TC, LS, or GMP, which are applied internationally. The architecture of the decision-making process (algorithm) is due to the tasks to perform a multi-criteria analysis of the priorities of the project and to assess for which of the price models this priority profile is the best option.
Using the system of choosing the price model for a contract together with the system of selecting the organizational profile for implementing the project helps determine the most expedient strategy of 130 paired alternatives. The proposed approach cumulatively contributes to the success of construction projects, has a unified character, and can be implemented in any country of the world.
3. The formalized process of benchmarking alternatives is the digital content of the Contract Organizational Mechanisms: Pricing (COMP). The algorithm is based on calculating the vectors of priorities of project pricing factors (based on the determined sets of ranks and ratings), followed by a graded assessment of the feasibility of using each of the alternative price models in the project.
The use of the COMP system in the construction of the Ice Arena in Kyiv has shown that the created conceptual model (proposed algorithm) makes it possible to take an appropriate decision on the price model for a contract with mathematical, high theoretical and practical reasoning.
Introduction
The adequacy of the methods for evaluating the reliability of a structure is known to be determined by reliability and accuracy of the models of loading, models of operation of materials, from which the elements of berth structures are made, and the models of occurrence of failures (accidents).
Specification of only separate of the listed models is not likely to give any practically acceptable recommendations, unless the level of accuracy of the other remains insufficient.
As regards berth facilities, in the course of formalization and modeling actual operational loads that influence them, the additional difficulty is to take into consideration the probabilistic nature of loads. The models of failures under
